Abstract This issue of The Journal of Medical Toxicology includes a position statement regarding the use of pressure immobilization for the pre-hospital treatment of North American Crotalinae envenomation. This commentary discusses the background behind the creation of the position statement and explores the issues involved in applying science to real-world public health recommendations and practice.
endorsed by the American College of Medical Toxicology, the American Academy of Clinical Toxicology, the American Association of Poison Control Centers, the International Society on Toxinology, the European Association of Poison Centres and Clinical Toxicologists, and the Asia Pacific Association of Medical Toxicology, and concludes that pressure bandage with immobilization (PBI) cannot be recommended as pre-hospital care in areas such as North America, where non-neurotoxic snakebite is the norm.
This position statement was formulated because of concern about recently published first aid guidelines of the American Heart Association (AHA) and American Red Cross (ARC) [2] . Those guidelines, designed to be applied by bystanders or the victim, included the following:
"Applying [PBI] with a pressure between 40 and 70 mm Hg in the upper extremity and between 55 and 70 mm Hg in the lower extremity around the entire length of the bitten extremity is an effective and safe way to slow the dissemination of venom by slowing lymph flow (Class IIa, LOE C). For practical purposes pressure is sufficient if the bandage is comfortably tight and snug but allows a finger to be slipped under it. Initially it was theorized that slowing lymphatic flow by external pressure would only benefit victims bitten by snakes producing neurotoxic venom, but the effectiveness of pressure immobilization has also been demonstrated for bites by nonneurotoxic American snakes…."
Even though the AHA/ARC recommendation is weak (Class II: "conditions for which there is conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of a procedure or treatment." Class IIa:
"weight of evidence/opinion is in favor of usefulness/ efficacy"; level of evidence C: "recommendation based on expert opinion, case studies, or standards of care.") [3] and meant to apply to snakebites worldwide, we are concerned that the recommendations will be applied to North American Crotalinae envenomations. We are also concerned that this guideline was graded above the level of current evidence and that the subtleties of the recommendation grading system are very likely to be underappreciated by most.
The pre-hospital use of PBI in North American snakebite would be a major change in how such cases are managed. The history of snakebite first aid and emergency care is full of concepts that, despite initial theoretical appeal and/or anecdotal evidence, ultimately proved to be harmful. Oncecommon practices, such as tourniquets, cryotherapy, incision, suction, electrotherapy, and fasciotomy, have been eliminated as their effectiveness was refuted, and more importantly, evidence of harm emerged [4] [5] [6] [7] [8] [9] . With this perspective, the introduction of a new practice must be based on the scientific demonstration of efficacy and safety.
The application of science to real-world scenarios can be complex. The aim of PBI is to sequester venom in the limb, delaying its arrival into the central circulation and thereby delaying or even preventing the onset of the potential systemic consequences of envenomation [10] . Apart from directly measuring the clinical efficacy of PBI for various endpoints, together with risks of harm of properly applied PBI, it is important to consider context-specific considerations. Key questions are: (1) the certainty regarding the kind of snake involved, (2) the expected time to arrival at a place where definitive therapy can be provided, (3) whether lay individuals are able to distinguish between scenarios with different management considerations, and (4) the likelihood that PBI will be applied correctly or incorrectly and that immobilization can be realistically maintained.
In addition to these concerns, the larger questions include when, how, and on what basis should a new recommendation in the management of snakebite be put forward? Moreover, when universal benefit may not result, should first aid training be guided by utilitarian endpoints in which many patients might benefit by an intervention that harms some, or even worse, harms many patients and benefits few?
When evaluating the application of PBI to Crotalinae envenomations, the science is incomplete. Randomized, prospective, controlled, studies of PBI in human Crotalinae envenomations have not been performed. Our current state of knowledge comes primarily from animal models and a few studies in neurotoxic snakebite, where local tissue injury is not the major concern. This is an entirely different clinical problem to that posed by Crotalinae envenomations, where local tissue injury predominates. Furthermore, extrapolating from animal models to humans can be problematic, especially when animal studies have used fatality from systemic effects-rather than tissue injury-as a primary end-point. The data on tissue injury in animal studies is limited, but a porcine study demonstrated that tissue pressures in a range that would, in other contexts, result in the consideration of fasciotomy, and which might result in ischemic injury, can occur from PBI [11] . Recent studies in humans have demonstrated that both trained and lay individuals applied PBI that resulted in either ineffective or tissue pressures in the same range [12] [13] [14] . Finally, the porcine study of Crotalinae envenomation used in support of the AHA/ARC guidelines [2] actually drew the opposite conclusion, stating: "On the basis of our findings, we cannot recommend pressure immobilization widely for viper envenomation…" [11] .
Thus the existing science points away from adoption of PBI in Crotalinae envenomation rather than towards it. Given that 98% of North American venomous snakebites are by Crotalinae, that fewer than 0.2% of those victims die, and that virtually all have soft-tissue injury, the key question is whether deploying pressure immobilization as a first aid strategy in this context will lead to a large number of people with increased and/or permanent limb injury while saving virtually no lives [15, 16] . Clearly, more work needs to be done. But our interpretation of the current state of knowledge is that the potential for harm of PBI in the vast majority of Crotalinae envenomations outweighs the potential benefits.
In the context of limited evidence, it is understandable that learned and well-intentioned individuals may disagree. This makes the consensus of toxicologists and envenomation specialists worldwide in opposition to the use of PBI in the prehospital setting all the more striking. The six organizations that endorse the position statement represent the mainstream medical opinion among experts on four continents. There is currently strong consensus that this technique should not be promulgated or taught in areas where non-neurotoxic snakebite predominates. Thus, in North American Crotalinae snakebite, the evidence for PBI would be more properly graded as Class III: "conditions for which there is evidence and/or general agreement that the procedure/treatment is not useful/effective and in some cases may be harmful [3] ."
In response to criticisms from members of the clinical toxicology community, the AHA and the ARC have acknowledged that their guideline regarding snakebite does not define the snake groups, geographic locations, and individual circumstances in which PBI might be applicable and also that the data regarding PBI in Crotalinae envenomation are limited and insufficient to deem PBI safe and effective. They are planning to clarify the guideline. For future guidelines, content experts from the position-statement-sponsoring organizations will be invited to assist in the writing (Rose Marie Robertson, personal communication 2011). We applaud the AHA and ARC for their evidence-based approach and their ongoing process of review and clarification.
We agree with the conclusions of the position statement: "The use of pressure immobilization for the pre-hospital treatment of North American Crotalinae envenomation is not recommended [1] ."
In the absence of definitive data on much of the prehospital management of Crotalinae snakebite, the following recommendations are based on the best available evidence, as well as expert consensus [17, 18] :
1. Get a safe distance away from the snake. 2. Remove jewelry and loosen tight-fitting clothing. 3. Loosely splint or otherwise immobilize the extremity in a functional position. 4. As a default action, maintain the bitten extremity in a neutral position with regard to the heart. Other potential actions should be guided by an experienced clinician. 5. Get to a hospital, preferably transported by an EMS provider. In general, supine positioning will prepare providers in managing possible effects such as hypotension and/or vomiting. 6. Avoid useless and/or potentially harmful interventions, such as tourniquets, incision, suction, cryotherapy, or electric shock.
